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Ci«*^4] MS**. TieC^lD ~C^3J 
[-fbi] 



CYbl ] 





r/i^rjdfi^^, ru-zp*. TU-;i^5j-^>' 
R3«r;i'df;i^. R4ii*3llis^, j^rya*!^« 



^os >y Tie (-(1:4 3 - c-fke : -e^^its 

C-fb?] *5j:t^ C-ftSD 

^1:2] 




- [fb7 3 



r \ 





or 

SM^iiit^NRS. R9{ir;l'=^r7l^. XatiSJS^S 
^{iNRS. Rii(ir;Udf;l^S. XiJiOSf^JiSH 
Ri2l47j<^ll^^, CHaS-a. CH3O-S, (C 




±ff p i trBirs3^5#Sjm3r*«22|s:j,xh3^t)ts^ 

COOOl] 
[0002] 

[0 0 0 3] >':J'-r7^.^>'g:^(i, tJ!3|^«^^0 

[0004] ■^■m^=f-mm^m^^fz%mm^mmx' 
a^^i^a ymmmnmt vxm ur v . ^^mm 

[ 0 0 0 5 ] . m^^^^m ^m-i^mmmm 

Hj (^#. 1989^)mi0 1~l 0 7S{Cie®$ 

^^mmt. wmm^(r)minm{:m<Lxmmmb'f6 

■Jjm. (2) aeKV^^^-f-StcJ: OSiH^fiLh 

(3) jR4^<osoteeiiJ4H^«5isj^s«±fcM^ 



^^gS^ri 1 -2 0 2 1 44 

■vx:!'m^izx'o^jm^m-^m:^-tfzm. ^ 

iSgSSri^ LT U «y i-'^«a&2r?g^^:l6r^. (4 ) ^ 

t-rs*^. ( 5 ) mmmM-^ttzj: o^^tsp^^r t 

'r-S:6^3&«& 0 . !Hrfc:±£ ( 4 ) <0*ffi{illfflfl:§ix 
X\>^6. 

[0006] tt:. ;lfii^««*fc:3LHSS*fc:J: *) 

mm:Lxi^mmti<m:^i> :7 h a s .y ^^s-ii- 
fib. mimizx<omy(M^i^T^fthim»^ 

C0 0073 mJf. #§B¥6-3 178 1 9-^^*5 

5 3 0-tt^f8T{4. 7:i-h:?o5 
<yi?^S:^^i^7\i^t^W4>{Cta-tiL. vXi^^^K^fr 

*Jt. I^^S - 1 3 6 7 5 2^^Xii. armtzy 

-/^<rmmif^^ixx\^^ . 

[00 083 7:rhi?n$-yj;'^^*f!|ffl-ri,c:n4,<7) 
(5) 0yy5^}iVcm'Lxmtx\^h. tti. c:fL<b<7)^r 

ma. m^^irfh^\,^rzibizmB<^mm:ximi!m 

[00093 

[00 1 03flll^, tft-(>i}^-zi:^^i^aycti. mi 
coi^mizm-i o iz^ tmco^'fy'^U x^SrffiStc 

^imxi^^^^^fzibeo^mmmm^'^mb ^ti^ 
mm&b^j:'^x. ^T2^mm-^mmt9ifi^ 

1 X'^T4^%9b^j:->xmixXLt.oi)^hXhh, 
[00113^0 Lt;:^mSi 1 X<7mm^Wx^m< 
tiiblizii^ tcM^ 1 <^mmmifi^ T 2 . 4 J: 0 

Ul<^mWtl^-:iT2, 4<r)m^mii^ii±%\^tzit>iz 
[001 23 Jls^HJcOBWti, y^-a ^^-^iymy 

^ZiSm^j:^m^m^^mimt:'tts^iim<7)^iz 

[00133 

[00 143 CID S»f^<^S=3r&2a<?):ttSi^^i^ 




[0 0 151 C2D ms^mmizx*)^mmi!fimi^ 
[0016] c 3 D mmmmmmifi. -^immuz 
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mtmmmizh?>. 

[0 017] C4) |iI^m»glttCJ:0Sttfl7rS 
[0018] 

[fl;3] 



X R3 X 





[0 0 19] CXiJii/YJilfSiS^. eillJS^^, -fel^ 

mm^. r)v^)vm, nv-a^i^m, r»j-;i^. ru 



[0020] C5D 

C'^a C-fkVD tJJ:?/ C-fbSD T^$nS7;i^^Km3^:r 
h^'nSy^'^ 
[0 02 1] 

[fl:4] 
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CYb4] 




CF2 





Cft2 7] 




CYb83 



[0022] CRet5^r/R7lt7i<.mttil±TJU^tUm. 

R8ttr;p#;pat7t{i$^ry«. Xiiio. s. sen 

XzJSO, SM^tJit^NR*, RgtiT^P^;!^. X3 

t:iism^. RizJiTkSM^. CHsS-a. CH3O- 

(CHjOjN-S. XsttNRSiS-^D -C&SISffe 
[0 0 23] C6:i Si»f^«0M=3:i.2S<7)*^i^:«^ 
m^izmmizX *)-5^^tfim^^ 7*h:?c3$-y^ 



[0024] C7D Bfne:7;r hiJ'OS-y^^**. H« 

S 7 :r h n $ .y :5'4i-^^-5r< 1 1 St , l?[|E C-ft 
[0 02 5] C8D 1aiE3l^»ar*J2*JJU:3S^ 




[00 26] C9D mmm<om^?,2m(^wsm^ 
coo 27] CloD immmmmmizm-i>mm 

[0028] yiirV^u^^y^^\t^ H>riB<^fcfcO^ 

±.immt:-mm9imm^f<z^m.-k^^'^^ ^: i: -c-. ^i^i- 

[0029] 

-rS4HF<7)^®?s«OlBItc{i. TIB C^l D commtf^h 
[0030] 

mil 

n = /^l+^ENi<a>i -CRn 

[ 0 0 3 1 ] ii-e. NiliW^Sf l c m3 4»tC-gfiitLl>^ 

i CO^H^, < a >i tirJH^a i V 
(±#©«s« ( 1 c in3 ) T'Sb 0 . *-ia<7)fa{i*J«i&fl||g 
•t?>-ii-^(DmiizmLXi:^Ztt:im-t^, 

[0032] HlfttC. ««l^a5tcSif^<0S^r&fii^ 

mimmmmmmizmt:iibi^ti:^, t 
nf*^Mizmm^^ms^?> ztizx*) mm^^ s . «p 

M¥6 -3 17 8 1 9-^^i?i3j:t/!»^^7 - 1 8 1 5 
3 0-^^^tCJS. 7 =!- h o S >y ^:5J-^£0iJ-®^*<ieR 

&tfcm(m>imi}^sm^tix\i^?>, Lti*L:iixh<^iT 

[0033] iiS3(5KJ55«, 4H^<0«4^4m&Jil 

mt^:itizx*)^\^m:i^ix. jaiex^;pdf-«4i^ 

Ittci 0t5hffi**^'ii:^^^i-^=-AJ2«m±#^-l>:© 
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ait®****. 

[0034] -eci-C. 2(c^HBT'{4. JtSWItt* J: 

lSS*f^^clBeSEifeffi^-^triKgRga82rmT# Sid 
IzLfz. 

[0035] fiPt>, *^BJtC*5V^t: . 01 iO^clBt^ 

m^imt?>iSr^. 3T2feit^3r3<DaJt«-^-eti^ 

7^T'35>^3cll^l<^)Siff^S-. =iT2*5J:tX3<OJSJf 

mmm^Mmfm^mMizjmt?> z t t^-c^ s . 

[ 0 0 3 6 ] § ^>J3. :*:^BJl:: itttf. 151:^1= L-CI13 
fc^tg-CftS. i<0«-&. 3T18. 19. 2 0*^ 

•r^mt. ^m^i 7xm<ozlTm^^zmtl?>^Lt^ 

[0037] *^Hj<ojffli^i^iPM4. mmiz 
x ^'S^mmnfim^^^t tx. ^<rm^Tym^ 

^m^mz-ty*h^''a^y^'^^m\^^xm^-rh 

-fB^j (^^mJR-fe^^'-. 19 9 6#) tcSK^tlT 

[0038] y^h^ui-yi^^bLXit. 
:r b^aSXi^co^C^j lz§m^itX\>^hJ:olz^ xt^ 

>'^:5i-T^*%'9. #t=. yjU^V^-Si^^mm/i^ 

[0039] 7:t- h^nS •y^'^i-^i. SIJ1>3(5$^®JRt 

02«S(=;^(|-rSit**T'#-l.. J&i'O^;)- h:?aS 
«y^t«-^{4. mM4 0 0 nmJ.:iTiO^|.7i52:lRiRLT3t 

^ tOv'T U -yPXx^-^^Wis m^t^A 8 8 n m<7) 

[0040] m-yx. :^mammm$mii. ^<rm 
mmmn'k=f-mnmzmi (•fci d ~ d -c^^ti 
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it<:^j^^^Vi\M:><i-)V (PMMA) . aa^Jij—Tf^^-^- 
V (PC) , ,-K>;i?x^lx'>'^^yri~;Ub'>^TU/P;i&- 
(CR-3 9) . ;KUX^k:^ (PS) . Xf- 

^^'^JA^W^^U^^i^li' (PCHMA) , /■Ki;(4- 

^f-;i^^>'x^- 1) (TPX) . •rh^:7;p3}-oxf- 

lyy. ;KU(^^^U;PK-2-^onxf-;k), dfU 

-JjU. ^ U ^ ^ U ;Ug!7 4f V y 
-JT V /Ps ^J' :5"J Jim- p - 7 X ^/l^) . 

.-K U ;< U JlM-^y^ ^ n o 7 i U { o - ^' 

nnx-f-i^^-). .-i?U(;><^^ U;H?-^7f-;H, pmm 
A<0*^S^ S:ikr»K^-fl: L^ca7j<SS^P MM A, 
PMMAi7)7KSiS^^^T:7 .yS-ftL:^:? >ySS^PM 
MA, isJ:X/Zii^<om^^im\''^t^bii^T^ h, 
[004 2] 



[0 04 3] immm i:i^^mizx?>^^^yv<D- 

[0044] PMMA<7)±xeo7i<.mm=f^y-/mm^tz 
mmti^y-y^MPMMAt:^ -ivy^juirhyizm 

mLX2 0mM%mmt:m^Lti. diO^Sr^V^TX 
e>'3-hJiUBS (|giSB:2000rpm, 30^)iz 
iO. ll4tC^'r;<r7X»fiR22±tC7<ySSmPMM 

Amm (mmsomm) ^m^t. ^izmm^itxm 

^m<or^^ 9 >y b'« 2 3 SrJgfigL^. 
[00451 iJCtC. 7-y3R^PMMAi*i(: C-fc9] r 

^-r>''ru-;PX7^>'^:?:!-h:J'ns>y:?^^fc. C-fb 
1 0 D T'S^^^/U^ * h o 5 «y . 

mmLx. 2omM%mmt:mmLi:i, ii-c, c-ft 

9D C-fkl : (CfcOTRi, R2. R3*«CH 

Xi S il^^^ T-fc 0 , 1 0 D <D^=Ht 

[0046] 
Ut5i 



CI la 



HaC' 




Mb 9 3 



CHa 



CHa 




HsC - CH3 CHs 

[0 04 7] ;icr)mm^m\'^xx):^yz}-h^ (mm 

^1300rpm. 15^^)tCj;0, 7;}-hi?n5>y 
^^HFS-#tf7<ySfflilPMMA^M (Mmi 0mm) 

*i!rffi-Fa5i^5«y m2 3±izmmL. ^{cesais-ar 
xa«2 2±fc2^^iiio3^^i^lSffl^^f4^^#5^v:, 

[0048] ±^t03\aEi£ffl*J^^ffiV^. 2|c^BJ<7)3tE 

[0049] s^uc, mm^c/):^ U >y h s:^r-rs^3fcv 

;^^$-fflV^T, r;Pd'W:t^^-if<7)^*4 8 8nm 
cOnT^^MftfL. H<nBnr®2 44'(C:a-i[$ilTV^^ 
C-fk9 D <o:7 :r h ^ n S -y ^HF*^§-fr, 



CHa 



[0050] MV^T. luia^«^3T2 5iC35l|-r-&i: 
at=S3tVX^<SDXU -y bi&SSL. xdfi^vU— If;!? 
^Tfe«^-1fc^^«3 6 0 nm<Dm!^mt:mtL. 

C-ftlO] <7)7*hiJ'o$«y^^^^Rl5$-<i-C, ±IB 
3 T 2 5 -SS 2 T 2 6 3 TJl 2 4 

^a. 3SIBK#SyS<0^'7'yH«3r®2 
3, 2 4«0#M5ta5i:S^-CS>-i., 
C0 05 11 f^L^35ll5K^Kr7T2 5. 2e<DA 
kB<7)tQmiZ^ W^^:^yT^^<-aT (S^^) 




at I httr^ti^tiM&Lt:. mMii^Bmffyxyr 
^^-iZiii:fj 1 0 mW, m.Ml.3 mmCD^*^— if 

s-Bsef^t, I a*jiixi htr^m^^m^^zj: on- 

[ 0 0 5 2 ] -eOiS:*, 3T2 6tCA:'33£AS:Altt7t: 

^<7) I b/i ajitaiar^, 3r2 stcAlt^ee^-Alt 

*IISfefla|«O^^IBK#»[»T«:7T2 5 

r2 6{w, 3r2 6^^aw-i.3b&«3r2 5Wimfi 

[00 5 3] tmmm 2D2(s:||M0!lT«^5<yh'*«iS 

[ 0 0 5 4 ] HSfiM 1 ■CMV^/t:7 -yfgS^PMM A<0>f 

y:/^;pyh>'2 0ai%?^?g (?§?Btl ) Sr, xeya 
-h^JK (lll!f&^2 000 r pm, 3 0#^)ICJ:>), 

m5iz^)(f^x^2 7±iz^ y^mmmpMUAm 
M (isffsomm) 5&mL. ^tz^m^itxmm& 

<0T^^ 9 y FJi 2 8 L^. 
[00 5 5] IIMMlll«lC7>/*S^PMMAt|>t:: 

<SLT, 2 0«S%^?KS:MSgL/i. Cco^?gSrfflV^T 
;^-t>3-hJSK (03^1 3 00 rpm, 1 5fj.^^) 

AUm (mm l O mm > ^ttr^af:?' ^ HJi 2 8±fc: 
?g^L, ^t=l!gj^§-ii-T«W0nT«2 9 1 L^. 
[00 5 6] iJijv^'C, ±ie^?gl^fflv\ x\^ya-h 
mi (011^2 0 00 rpm, 3 08-^) ±12 
nTS2 9±(C7«y*iBSIPMMA^Jgi (KJ?3 0m 
m) ^Jg^L, ^^t:lfe®$-*T±g|Ii?^-y h'«3 OS- 
JgfiSL^, c:ixtcJ:0;ir9^S«c2 7±i:3fl|filitO3K 

[ 00 5 7 ] j:Mi<^mim^m^m\>^x. 
[0058] mmiz. mMm<^:^ v «y h ^^^m^-^ 

;^:^'SrfflV^t:. r;PrfW:ty^— 1f<?)^:R4 8 8 nm 

Cfl:4D <^7:rh^J'oS.y:J'4H'S:SlS$-ii-. ttSgltaf 

[0059] «gV%-C. |fifB#^3T3 1 iZ^-t^X 
0 izm^-?:^ iO;^ U «y h ^ KS t , v P-if ^ 
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L^t: n T 3 1 (cjScH-ri. IS 2 <03 r 3 2 ^ 3 r 

Ji2 9(ftc?g^L, m5tzm^mMm!^^mc, ^ 
ts.^mii!im<^^m^mmco^'^v\nt2 8. sots 

J:X/2 9<^0^zf(MT$)to 

100 601 ±M(0^m&mm^r 32, 3 10A, 
ii:l3j:'5Hine3r3 2, 3 ltc3tA:>3L. 3^115^^ 

^(^minii^m^. m-h. 3r3 2tc:A:'j3KA$-A 

ltL?tJ^<7)ffi:>3^ba<7)g$jK I a i:ai:'33eb<7)^ I 
b. *Jil^3r3 lt=A:^3KB«rAltL3t«^<^)l at 
I bSrSOSLJt, MSaSISfe^lIl tmmizLX I afej: 

[0061] ^eomm. 3r 3 2 lcA:'35eAS:Altt/i 
^<ni h/l aJiJitr^, =IT3 IfcrAA^KBS^ASt 
L^i^iO I a/ 1 b t |5iatC{3{a'«-C. 3<IBiS#ai[» 
.•C3T3 2<7)^S«Sb&<r7r3 1tC. 3T3 1«0^^*« 

[0 0 62] cmm 3:}:*mMmxiii3mss^m 

[0 06 3] lUfeM2t|ai«t=. meiz^Xd^zsm 

[0064] ±IBc03l£iEilSffl*f^(cmTO#m-C'3«3!c 
v^itSSSfflW^Bjtc:, T;t'=f>'>f3i->'^— r<^|fj[;R4 88 

nmCTi^m^^mML. =lTm3 5<7)yymmS^PMM 

Amm'i'^Z'!^W^^i^X\'^i, C-fl:9D <7):7*h^a5.y^ 

iH^2:^§-ti:> mmsi<ommmi:m:k^^xx^ 
<D^s^/i^mi»cr>zir3 7^ziTm3 s^izmmLt:, 

[0065] «!V»T. my6-?:^l!'CDmm^X U .y 
5fetcJ^^t;t3clB1^^3T3 703cllg|5S:«l«}-&i: 

6 0 nm<^mn-^^fmLx. mmiziM^rms 3<r> 
y -J^m.Pl^uAnm^\lz^^Kx\^h c^iod 

<D7=}-h:?nS.y:5'iJ-^S?SiiS$-fr, ifetCJ^^L^^cll 
T 3 7 <^3£llgl5S-^tfl|2 <^^SSr7 T 3 8 

[0066] 5:45, 3 4*3j:l/f3 6{S7«y|g«gPMM 
A^BTC, 3js^MO^£ll3t3S«EBKO:? 9 'y H« 3 4 , 
3 5<^^fE5KaJ*5J:l/^3 6-Cfll^§^LS. 

[0067] mmmm 1 1 n^^fc. jb^l/cbsibk^ 

aiW37'3 7*jJ:l^3 8C0^H (A, B. C ) (C. 

S-p^Ttr, fiP*> . n T 3 7 HzXMA Sr Alt L^^^fO 
aj:^33ta, b. c<r)^jSla, lb, Ic, ziTSSiZ 
A*3eBS:Alt-L7t:©-&cOI a, lb, Ic.fcJ:Z/3 
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[0 0 68] -e^OMm, 3T3 7(CA:'J3^iA^AItt:t 
b/I aiJitf I c/I atjer^. 3r3 8fc 

Alf3fcBS:AML;tJ&^<7)i a/I btJilf I c/I b 

AI*L:tJ©^<OI a/ 1 cfcilXl h/lcUmm 
3a:^^ia5'C5v^<03Tfc:5l5Sh.<i^t^r*»o;t, 

[00 691 cusfiM 4:\ mmmi tmmz. sjwe 
mmizx oPitfbKiB^^.r^ c^i 1 D t^s^*ru-;p 

ttflilRiSi^ei-r C-fbl OD tO^iUdf h:J'nS 
100701 

[fl;6i 



CYb 1 1 ) 



[007 11 C^l ID o^i-^li, 15^ C^2D fcifcv^ 

[00721 c:<o3eBEiKffl«Mtc^t tt . mmm i i5i« 
[00731 cmmm 5 d njsfiai i isi:^^:, ^mmi 

'ft^^t-jgci-r C-ftl OD <^7;l^^HiK7*h^'n$.y 
:?t8-^^fflv^T;ir9x«aii{c2Jifil3g.o3KiEtSlffltrS 

[0074] 

[-(1:71 





CYfcl 2] 



[0075] C-fE 1 2 :) co^i-^^Ji. flffte Cits 3 t^rfcv^ 
Ri. R3. R4**CH3iS, X*JNCH3«, Yi&ss 
IS-?. RsJ&^CHgOaTSSS^H^-CfcS. 
[00761 C:e03Kiei»ffl«^(C^t LT . HSfi^J 1 R« 



{CT;t^::f:^>f:tVL— -rtx^Jfi^vU— rSrWIJJiaW- 
^.IfctCj: 0. 04<7)35IB^^I?&Sr?gfi£t:/t:, ?^b£L 

[00 771 cuMM 6:mmMibmmi,z^-siwt 
mmizx*)miMmmim:i-t ut9: (oi^ro-j]^x- 

"ryj^y :r b a S .y . mH'mmizi OStt 

^ o S .y i?^^ ^fflv^T;ir5x««tJitc 2 Jifiei<03KiB 
[00781 

[fl:81 

NC CN 




CHa 



CI la 



[007 9] C-fbl 3D O^^^Ji. KflB C-fb4] (CfeVV 
Re. R7. RgJ&^CHaS. Rti^i/T XiifiS 

[0 08 01 zeommmmmizfttx. mtmimm 

rcmm<oytsmm^^m&mi tmmizmMLtzm 
mmmm^sm^mitLxmhJ::miti:^i>;i 

[0081] cmrnm 7 :i mmm 1 mmtz. -^wm 

Rm^m^-t c-ft 1 4 D coj^'r y -;ux7^y^7 :r h 
t3s.'y^-i^Ti:m^^x:9^:^misLHz2mmm.(rfym& 

[0082] 

[fl:9i 

NC CN 



Ufcl 4) 




CH3 



[0 08 31 C-ffcl4Dc^)^{i. friBC-fESDtCfJV* 
T. RgJ&^'CHaS. Rio*«i^Ty^. X2*«SiS^-CS> 

[0 084] z<mwmmm^tznbx. mmmimm 
•!^m^m^mmw^bLxmix:f:^mL^^s>^i 
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10 0 851 cmmm a:} msmi tmmiz. -^wt 

[0086] 
[^10] 




- Cfb 1 5 ] 



10087] C-ftlSD IITE c-ftieD tCtJV^ 

[0 0 88] :L(ommmmmizMLx . mmnmm 

[00891 mmm 9:immmitmmiz^-^w& 
f-y^y th^u^y^-i^^b. mfhrniMizj^ 0 SIS 

[00 90] 



[-fbi 1] 




- CYkl 6] 



[009 1] citi 6} cD^'f^i^ tan :i\:8:iizt3\.^ 

X. RuAJCHaS. Ri2*«*^M^, Xg^tNCHgS 

[0092] ico3KiEiiffl«i^t=** LT , mmH 1 

[00933 atm^DmmmitmmizLx.:^yx 
msLUzy^mmmPMMAmm (mmsomm) 



^Lit, <^(c:. ^-/^g^PMMAtJJfc C-fkl 0:1 <07 
•fr, itt<&:J'on^:^-if:^*fc^filL-C2 0afi%^ 

[0 094] ^<r)mm^imy -/^mprnmAwmz 

M^&L, xeyn-h:^ (m^l 3 00 rpm, 15 
#S) fccfc OMiSl OmmO^lgi: ^iZ^^^ 

x^rmtLt:. z<o2mtm<r>m^^m^izttL. m. 

mm.^(omm=iT^msi3Tm^izm^Lti, 

[0095] «lV^r . ±IE<03Ttc3£ll-f &J^{cS3ev 
X^<7)XV yh^mSL. nmiz3 6 0nmcoms^±{: 

mmLxf^2(DaTi:m^L. m4izmm>^M^m^ 

[0096] m^Lti^mm<7mm6<omimit. 
msmi bmmt>zm^ti, ^(omm. m^Ltim& 

[0097] 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
optical waveguide for optical interconnection. 
SOLUTION: Two kinds of organic high 
polymer material layer which differ in 
refractive index are laminated. In this case, 
i4^.the organic high polymer layer with the high 
^ refractive index contains two kinds of 
photochromic molecule increasing in 
polarization rate by light irradiation and is 
exposed more than twice through an 
exposure mask to obtain an optical 
waveguide having a high- refractive-index 
crossing optical waveguide where >2 lines 
crossing optical waveguide cores 26 and 26. 
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[Claim(s)] 

[Claim 1] The charge of optical wiring material to which the laminating of two 
sorts of organic polymeric-materials layers from which a refractive index differs Is 
carried out, and the molecule to which polarizability increases by optical 
irradiation in the high refractive-index layer of the aforementioned organic 
macromolecule layer is characterized by containing at least two sorts. 
[Claim 2] The charge of optical wiring material according to claim 1 whose mole- 
cule in which polarizability increases by the aforementioned optical irradiation is a 
photochromic molecule which the molecular structure isomerizes by optical 
irradiation, 

[Claim 3] The charge of optical wiring material according to claim 1 in which the 
aforementioned quantity refractive-index layer contains the photochromic 
molecule isomerized by light irradiation, and the photochromic molecule 
isomerized by ultraviolet radiation irradiation. 
[Claim 4] the above - following [-ized 1]- [-izing 3] 
[Formula 1] 




It is the charge of optical wiring material according to claim 3 which is the diaryl 
ethene system photochromic molecule expressed with [a hydrogen atom, an al- 
kyl group, an alkoxy group, an aryl group, an aryloxy group, the amino group, a 
pyrrolyl machine, a furil machine or a halogen atom, and R3 are [for an oxygen 
atom, a sulfur atom, a selenium atom or NR basis (R is analkyi group), and R1 



and R2 / X and Y] a hydrogen atom or an alkoxy group as for an alkyi group and 
R4] 

[Claim 5] The fulgide system phbtochromic molecule as which the photochromic 
molecule isomerized by the aforementioned ultraviolet radiation irradiation is 
expressed in the diaryl ethane system photochromic molecule expressed with 
following [-ized 4]- [-izing 6] or [-izing 7], and [-izing 8]. [Formula 21 



Ut4) 




Rio ,Rio 





Hydrogen or an alkyI group, and R8 [R6 and R7 An alkyI group or a cyano group, 
O, S, Se atom or NR basis (R is an alkyI group), and R10 X1 A cyano group, X - 




two - O - S - an atom - and - NR - a basis - R - nine - an alkyi group - X - 
three - S - an atom - or - NR - a basis - R - 1 1 - an alkyI group - X - four - 

O - or - S - an atom - R - 12 - a hydrogen atom - CH - three - S a 

machine - CH - three - O a machine - two (CH3) - N 

[Claim 6] The optical wiring method characterized by forming an optical-wave- 
guide core in the exposure section of the aforementioned quantity refractive-in- 
dex layer by carrying out the laminating of two sorts of organic polymeric-materi- 
als layers from which a refractive index differs, containing at least two sorts of 
photochromic molecules in which polarizability increases by optica! in^adiation in 
the high refractive-index layer of the aforementioned organic macromolecule 
layer, and perfonning optical irradiation to this two or more times through an 
exposure mask. 

[Claim 7] The optical wiring method according to claim 6 which are at least one 
sort of the photochromic molecule wNch the aforementioned photochromic 
molecule isomerizes by light irradiation shown by aforementioned [-ized 1]- [- 
izing 3], and at least one sort of the photochromic molecule isomerized by 
ultraviolet radiation irradiation shown by aforementioned [-ized 4]- [-izing 8]. 
[Claim 8] The optical wiring method according to claim 6 or 7 of peri^omriing the 
aforementioned optical irradiation using ultraviolet radiation and the light. 
[Claim 9] The optical wiring method according to claim 6, 7, or 8 of performing 
exposure to the aforementioned quantity refractive-index layer twice or more in 
order that the aforementioned optical-waveguide core may form the high 
refractive-index intersection optical waveguide which crossed two or more. 
[Claim 1 0] The optical waveguide characterized by fonning the optical-:waveguide 
core by the laminating of two sorts of organic polymeric-materials layers from 
which a refractive index differs being earned out, and at least two sorts of photo- 
chromic molecules in which polarizability increases by optical irradiation being 
contained in the high refractive-index layer of the aforementioned organic macro- 
molecule layer, and performing optical irradiation to this through an exposure 
mask. 

[Claim 11] The optical waveguide according to claim 10 which are at least one 
sort of the photochromic molecule which the aforementioned photochromic 
molecule isomerizes by light irradiation shown by aforementioned [-ized 1]- {- 
izing 3], and at least one sort of the photochromic molecule isomerized by 
ultraviolet radiation irradiation shown by aforementioned [-ized 4]- [-izing 8]. 
[Claim 12] The optical waveguide according to claim 10 or 1 1 in which the high 
refractive-index intersection optical waveguide which the two or more 
aforementioned optical-waveguide cores intersected by performing exposure to 
the aforementioned quantity refractive-index layer twice or more was formed. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] [The technical field to which invention belongs] ^his invention relates to 4he 
charge of optical wiring material which used organic polymeric materials, its 
optical wiring method, and the optical waveguide using this. 



[0002] [Description of the Prior Art] In recent years, the optical interconnection 
technology of connecting between electron devices with optical communication, 
attracts attention with highly-efficient-izing of an electron device, and various 
optical-communication methods and the material for it are proposed. 
[0003] An optical interconnection is the technology in which the large capacity 
which does not become as compared with the conventional electronic circuitry, 
and high-speed communication are possible, and it is very important for the 
information machines and equipment which need the mass high-speed 
comrnunication between electron devices, such as a super parallel computer. 
[0004] Since it is cheap and enlargement is also easy, the optical waveguide us- 
\ng organic polymeric materials is suitable as an optical wiring material for optical 
interconnections. The organic optical waveguide could be formed by carrying out 
induction of the refractive-index difference to the interior of macromolecule The 
Matrix by the chemical reaction and others, and examination using the photo- 
polymerization reaction of a macromolecule has so far been performed. 
[0005] for example, Society of Polymer Science, Japan editing "a macromolecule 
new-materials handbook" (Maruzen, 1989) ~ as a method of forming the wave- 
guide using the organic macromolecule as indicated by the 101 -107th page (1) 
How to irradiate ultraviolet radiation at a polymethyl methacrylate, make the re- 
fractive index of the irradiated section high, and make it into a waveguide, (2) 
How to constitute a ridge (heights) on a macromolecule substrate by the optical 
lithography method, and form a ridge waveguide, (3) After applying liquefied pho- 
tosensitive polymeric materials on the substrate and carrying out polymerization 
hardening of the exposure section by mask exposure, There are the method of 
removing the unreacted section and foi^ming a ridge waveguide, a method of per- 
forming altemative photopoiymerization using (4) exposure mask, and making 
the exposure section clad, the method of using the exposure section as a core 
according to (5) alternative photopoiymerization, etc., especially the method of 
the above (4) is put in practical use. 

[0006] Moreover, the photochromic molecule to which it isomerizes by optical 
irradiation and polarizability increases in polymeric materials is distributed, and 
the method of producing the optical waveguide which makes an exposure portion 
the core section by optical irradiation is proposed in recent years. 
[0007] For example, in JP,6-317819,A and JP,7-181530,A, a photochromic mole- 
cule is distributed in nonlinear optics material, and the process of a nonlinear op- 
tical waveguide is indicated by performing mask exposure. Moreover, in JP,8- 
136752,A, the process of the slab type waveguide optical switch which made the 
core layer distribute a photochromic molecule is indicated. 

[0008] photochromic one - a molecule — using - these — an optical waveguide — 
a process - a waveguide ~ formation ~ requiring - time — a ms — a grade - very 
~ short - photopoiymerization - a reaction - using - the above - (- one—) - (— 
five --) - a method - comparing ~ excelling - **** . Moreover, since it is not ac- 
companied by polymerization reaction, volume does not change before and after 
a reaction, but these methods also have the advantage of residual stress not 
occumng inside material. 

[0009] [Problem(s) to be Solved by the Invention] However, the process of the 



optical waveguide using the conventional photochromic molecule is unsuitable 
for the optical waveguide of the complicated stmcture needed by the optical 
interconnection. 

[0010] That is, it is because the refractive index of an intersection 1 will serve as 
the same ******** intersection optical waveguide as the refractive index of cores 2 
and 4, the waveguide light 9 which guides a core 2 will turn into **** 9 to a core 4 
by the intersection 1 and it will leak, if a crossover waveguide is produced by the 
conventional method, although the crossover waveguide for combining between 
two or more electron devices mutually by the optical waveguide is needed in an 
optical interconnection as shown in the ** type view of drawing 1 . 
[0011] In order to prevent the leakage of the lightwave signal in such an intersec- 
tion 1 , it is necessary to consider as a high refractive-index intersection optical 
waveguide with the refractive index of an intersection 1 higher than the refractive 
rndex of cores 2 and 4. In a high refractive-index intersection optical waveguide, 
as shown in the ** type view of drawing 2 , since the refractive index of an inter- 
section 1 is larger than the refractive index of cores 2 and 4, tfie leakage of light 
does not take place. 

[0012] The purpose of this invention is to offer the charge of optical wiring 
material required for produetion of the optical waveguide containing a high 
refractive-index intersection optical waveguide required for an optical 
interconnection, its optical wiring method, and the optical waveguide using this. 
[0013] [Means for Solving the Problem] The summary of this invention which 
attains the aforementioned purpose is as follows. 

[0014] [1] The laminating of two sorts of organic polymeric-materials layers from 
which a refractive index differs is carried out, and the molecule to which polariza- 
bility increases by optical irradiation in the high refractive-index layer of the afore- 
mentioned organic macromolecule layer is in the charge of optical wiring material 
included at least two sorts. 

[0015] [2] The molecule in which polarizability increases by the aforementioned 
optical irradiation is in the aforementioned charge of optical wiring material which 
is the photochromic molecule which the molecular structure isomerizes by optical 
irradiation, 

[0016] [3] The aforementioned quantity refractive-index layer is in the aforemen- 
tioned charge of optical wiring material containing the photochromic molecule 
isamerized by light irradiation, and the photochromic molecule isomerized by 
ultraviolet radiation irradiation. 

[0017] [4] the photochromic molecule isomerized by the aforementioned light 
irradiation - following [-ized 1]- [-izing 3] 
[0018] [Formula 3] 




[0019] It is in the aforementioned charge of optical wiring material which is the di- 
aryl ethene system photochromic molecule expressed with [a hydrogen atom, an 
alkyi group, an alkpxy group, an aryl group, an aryloxy group, the amino group, a 
pynrolyl machine, a furil machine or a halogen atom, and R3 are [for an oxygen 
atom, a sulfur atom, a selenium atom or NR basis (R is an alkyI group), and R1 
and R2 / X and Y] a hydrogen atom or an alkoxy group as for an alkyI group and 
R4 

[0020] [5] The fulgide system photochromic molecule as which the photochromic 
moleGule isomerized by the aforementioned ultraviolet radiation irradiation is 
expressed in the diaryl ethene system photochromic molecule expressed with 
following [-ized 4]- [-izing 6] or [-izing 7], and [-izing 8] 



group, O, S, Se atom or NR basis (R is an alkyi group), and R10 X1 A cyano 
group, X - two - O - S - an atom - and - NR - a basis - R - nine - an alkyI 
group - X - three - S - an atom - or - NR - a basis - R - 11 - an alky! group 
- X - four ~ O - or - S - an atom - R - 12 « a hydrogen atom - CH - three - 

S a machine - CH - three - O a machine - two (CH3) - N 

[0023] [6] The laminating of two sorts of organic polymeric-materials layers from 
which a refractive index differs is camed out, and at least two sorts of photochror 
mic molecules in which polarizability increases by optical irradiation are con- 
tained in the high refractive-index layer of the aforementioned organic macro- 
molecule layer, and be in the optical wiring method which forms an optical-wave- 
guide core in the exposure section of the aforementioned quantity refractive-in- 
dex layer by performing optical irradiation to this two or more times through an 
exposure mask. 

[0024] [7] The aforementioned photochromic molecule is in the aforementioned 
optical wiring method which are at least one sort of the photochromic molecule 
isomerized by light irradiation shown by aforementioned [-ized 1]- [-izing 3], and 
at least one sort of the photochromic molecule isomerized by ultraviolet radiation 
irradiation shown by aforementioned [-ized 4]- [-izing 8]. 
[0025] [8] Be in the aforementioned optical wiring method of pert^orming two 
exposure or more in a high refractive-index layer so that the high refractive-index 
intersection optical waveguide which the two or more aforementioned optical- 
waveguide cores intersected can be formed. 

[0026] [9] The laminating of two sorts of organic polymeric-materials layers from 
which a refractive index differs is carried out, and at least two sorts of photochro- 
mic molecules in which polarizability increases by optical irradiation are con- 
tained in the high refractive-index layer of the aforementioned organic macro- 
molecule layer, and be iri the optical waveguide in which the optical-waveguide 
core is formed by performing optical irradiation to this through an exposure mask: 
[0027] [10] Be in the aforementioned optical waveguide in which the high 
refractive-index intersection optical waveguide which the two or more 
aforementioned optical-waveguide cores intersected by performing exposure to 
the aforementioned quantity refractive-index layer twice or more was formed, 
[0028] A photochromic molecule can be divided roughly into two kinds such as 
what is isomerized by UV irradiation as aforementioned, and the thing to isomer- 
ize by light irradiation. The point which performs independently exposure of ultra- 
violet radiation and the light, and enabled it to form a high refractive-index inter- 
section optical waveguide by carrying out distributed content of above-mentioned 
both into a high refractive-index layer by this invention especially is the feature. 
[0029] [Embodiments of the Invention] Hereafter, this invention is described in 
detail. Usually, a refractive index is as large as the material in whkih the relation 
of following [several 1] between the refractive index n of an amorphous organic 
material and the polarizability of the molecule which constitutes material is, and 
polarizability contains a large molecule. 
[0030] [Equation 1] 

n = a / 1 <Ci>i — 1 ] 



# • 

[0031] Here, the molecuiarity of the molecular species i by which nickel is 
contained in 1cm 3 of material, and < alpha>i are the average polarizabillty of 
molecular species i, V is a unit volume (1cm3), and it means taking the sum of 
the right-hand side about the kind of molecule which constitutes material. 
[0032] Light is confined in a high refractive-index field when the field where re- 
fractive indexes differ generally exists in the interior of material. Moreover, when 
the high refraction field serves as a waveguide configuration, light spreads the in- 
terior of a field (core). Therefore, an optical waveguide can be formed in the inte- 
rior of material by carrying out induction of the refractive-index difference. The 
process of the optical waveguide which uses an exposure portion as a core is 
indicated by JP,6-317819,A and JP,7-181630,A using the polarizability of a 
photochromic molecule increasing by the photoreaction. However, by these 
methods, there was a problem referred to as being unable to form a high 
refractive-index intersection optical waveguide. 

[0033] On the other hand, the photoreaction is usually triggered by exciting the 
electronic state of a molecule, and, usually excitation energy changes with mole^ 
cules. Therefore, when two or more sorts of molecules in which polarizability in- 
creases by optical irradiation exist in the interior of material, the light of the wave- 
length equivalent to the excitation energy of the molecule made into the purpose 
for every exposure can be irradiated, and the refractive index of material can be 
increased. Furthermore, the multiplex exposure section has the feature referred 
to as having a bigger refractive index than the portion which received fewer 
number-of-times exposure in this case. 

[0034] Then, as the refractive index of material increased for every exposure, it 
enabled it to form the optical waveguide which contains a high refractive-index 
intersection optical waveguide by multiplex exposure in this invention by distribut- 
ing at least two sorts of molecules in which polarizability increases by optical irra- 
diation in the high refractive-index macromolecule layer of the charge of optical 
wiring material of this invention. 

[0035] That is, in this invention, when producing the intersection optical 
waveguide of drawing 1 , it can produce by exposing the portions of a core 2 and 
a core 3 by light wave length different, respectively, and the refractive index of 
the intersection 1 which is the double exposure section can be made larger than 
the refractive index of cores 2 and 3. Thus, according to the optical wiring 
material of this invention, by the former, the high refractive-index intersection 
optical waveguide which has not been produced is easily producible. 
[0036] Furthermore, according to this invention, it is also possible to produce a 
three-fold high refractive-index intersection optical waveguide as similarly shown 
in drawino 3 . In this case, the light which spreads cores 18, 19, and 20 spreads 
each incore section, without leaking to other core portions by the intersection 17. 
[0037] Moreover, the charge of optical wiring material of this invention can: 
consist of specific wavelength as a molecule in which polarizability increases by 
optical irradiation using the photochromic molecule which causes a 
photoisomerization reaction. The photochromic molecular structure absorbs the 
light of wavelength peculiar to a molecule, the molecular structure isomerizes it, 
and it has the feature which says that a conjugate chain length is extended and 



polarizability increases as indicated by the edited by Chemical Society of Japan 
"chemistry of organic photochromism" (Japan Scientific Societies Press, 1996). 
[0038] As a photochromic molecule, there are spirobenzopyran and its derivative, 
SUPIRO naphth oxazine and its derivative, a thio SUPIRO pyran and its deriva- 
tive, a fulgide molecule and its derivative, a diaryl ethene system molecule, etc., 
and since especially a fulgide molecule derivative and a diaryl ethene system 
molecule are excellent in light stability and thermal stability, they are suitable for 
the charge of optical wiring material of this invention, as indicated by "chemistry 
of organic photochromism." 

[0039] A photochromic molecule can be divided roughly into two kinds, the mole- 
cule which absorbs ultraviolet radiation and causes a reaction, and the molecule 
which absorbs the light and reacts. Although almost all the photochromic mole- 
cule absorbs ultraviolet radiation with a wavelength of 400nm or less and a 
photoisomerization reaction is caused, the diaryl ethene derivative which has a 
maleic-acid anhydride machine in the ethene section absorbing the light whose 
wavelength is 488nm. and causing a pfjotoisomerization reaction is known. 
[0040] Therefore, the charge of optical wiring material of this invention can pro- 
duce the fulgide system photograph molecule shown by the diaryl ethene system 
photochromic molecule indicated to be the diaryl ethene derivative shown in the 
interior of the high refractive-index macromolecule layer by aforementioned [-ized 
1]- [-izing 3] by aforementioned [-ized 4]- [-izing 6] reacted to ultraviolet radiation 
or the above [-izing 7], and [-izing 8] by distributing in polymeric materials. 
[0041] Although the optical wiring material of this invention is the multilayer of 
organic polymeric materials That what is necessary is just what has high trans^ 
parency to waveguide light as these organic polymeric materials For example, a 
polyrnethyl methacnylate (PMMA), a polycarbonate (PG), Polydiethylene glycol 
bisallyl carbonate (CR-39), (Polystyrene PS) styrene / methyl-methacrylate co- 
polymer (MS resin), Acrylonitrile / styrene copolymer (AS resin), polymethacrylic- 
acid cyclohexyl (PCHMA), Poly (4-methyl pentene -1) (TPX), a tetrafluoroethyl- 
ene / hexafluoropropylene copolymer, A polytetrafluoroethylene, polymethacrylic- 
acid truffe RUORO ethylene. Poly (methacrylic-acid-2-chloro ethyl), poly (meth- 
acrylic-acid-2-BUROMO ethyl), A polymethacrylic-acid benzyl, a polymethacrylic- 
acid phenyl, the poly diallyl phthalate, Poly (methacrylic-acid-p-BUROMO phen- 
yl), polymethacrylic-acid pentachlorophenyl, The fluorine substitution PMMA 
which carried out the fluoridation of all of the hydrogen atom of poly (o-chloro 
styrene), poly (methacrylic-acid naphthyl), and the heavy hydrogen substitution 
PMMA and PMMA that deuterated all the hydrogen atoms of PMMA, such 
mixture, etc. can be used. 

[0042] [Example] this invention is concretely explained based on an -example. 
The following exiamples 1-3 are the basic forms of this invention produced using 
the photochromic molecule of the above [-izing 1] and [-izing 7], and examples 4- 
9 show the example of the optical wiring material of this invention which used 
photochromic molecules other than [-izing 1] and [-izing 7]. 
[0043] [Example 1] The example of production of the high refractjve-index inter- 
section optical waveguide a part of whose clad by this invention is an airspace is 
described. 



[0044] The fluorine substitution PMIVIA which replaced all the hydrogen atoms of 
PMMA by the fluorine atom was dissolved in the isobutyl ketone, and the solution 
was prepared 20% of the weight. Using this solution, by spin coat membrane 
formation (for rotational frequency 2000rpm and 30 seconds), the fluorine 
substitution PMMA thin film (30mm of thickness) was formed on the glass 
substrate 22 shown in drawing 4 , it was made to dry completely and the lower 
clad layer 23 of a waveguide was formed. 

[0045] Next, the diaryl ethene system photochromic molecule shown by [-izing 9] 
during the fluorine substitution PMMA and the fulgide system photochromic 
molecule shown by [-izing 10] were distributed 15% of the weight, respectively, 
this was dissolved into the chlorobenzene, and the solution was prepared 20% of 
the weight. Here, as for the molecule of [-izing 9], in [-izing 1], R1, R2, and R3 
are [ three CH(s) and XI ] the molecules of S atom, as for the molecule of [-izing 
10], in [-izing 7], R11 is three CH(s) and X4 is the molecule of O atom. 
[0046] [Formula 5] 



[0047] Using this solution, by spin coat membrane formation (for rotational fre- 
quency 1300rpm and 15 seconds), formed the fluorine substitution PIVIMA thin 
film (10mm of thickness) containing a photochromic molecule on the aforemen- 
tioned lower clad layer 23, and it was made to dry completely, and considered as 
the core layer 24 of this example waveguide. Consequently, the charge of optical 
wiring material of two-layer structure was obtained on the glass substrate 22. 
[0048] Based on the optical wiring method of this invention, the intersection 
optical waveguide shown in drawing 4 was produced using the above-mientioned 
charge of optical wiring material. 

[0049] First, irradiated the light with a wavelength [ of an Af ion laser ] of 488nm 
using the exposure mask which has a straight-line-like slit, the photochromic 
molecule of the [-izing 9] currently distributed in the aforementioned core layer 24 
was made to react, and the straight-line-like waveguide core 25 was produced by 
increasing the refractive index of the irradiated section. 

[0050] Then, have arranged- the slit of an exposure mask so that the aforemen- 
tioned waveguide core 25 may be intersected, and irradiated ultraviolet radiation 
with a wavelength [of excimer laser pump dye laser] of 360nm, the photochromic 
molecule of [-izing 10] was made to react, and the 2nd waveguide core 26 which 





intersects the above-mentioned core 26 was formed into the core layer 24. Con- 
sequently, the intersection optical waveguide of the shape of X character shown 
in drawing 4 was obtained. In addition, the clad of an intersection optical wave- 
guide is the non-exposing section and the air space of the core layers 23 and 24. 
[0051] The end face of a quartz glass fiber core (illustration ellipsis) was directly 
joined to the produced end face of A and B of the intersection optical-waveguide 
cores 25 and 26, by making light guide to glass fiber, the optical input was car- 
ried out at the aforementioned cores 25 and 26, and the waveguide property of 
an intersection optical waveguide was investigated. That is, la and lb at the time 
of carrying out incidence of the input light B to the intensity la of the output light a 
at the time of carrying out incidence of the input light A to a core 26, the intensity 
lb of the output light b, and a core 25 were measured, respectively. Measurement 
coupled directly 10mW of outputs, and semiconductor laser with a wavelength of 
1!3mm with quartz glass fiber, and measured la and lb by the photo multiplier. 
[0052] Consequently, la/lb when lb/la at the time of carrying out incidence of the 
input light A to a core 26 carries out incidence of the incident light B to about 0 
core 25 was about 0 similarly. That is, in the intersection optical waveguide of 
this example, the light to which the light which guides a core 25 guides a core 26 
to a core 26 did not leak to the core 25, but it turns out that the intersection 
optical waveguide of this example functions as a high refractive-index 
intersection optical waveguide. 

[0053] [Example 2] this example describes the example of the high refractive- 
index intersection optical waveguide whose clad is a macromolecule layer. 
[0054] On the glass substrate 27 which shows the 20 % of the weight solution 
(solution 1) of isobutyl ketones of the fluorjhe substitution PMMA used in the 
example 1 to drawing 5 by spin coat membrane formation (for rotational 
frequency 2000rpm and 30 seconds), the fluorine substitution PMMA thin film 
(30mm of thickness) was formed, it was made to dry completely and the lower 
clad layer 28 of a waveguide was formed. 

[0055] The photochromic molecule of [-izing 9] and [-izing 10] was distributed at 
15 % of the weight during the fluorine substitution PMMA like the example 1, 
respectively, this was* dissolved into the chlorobenzene, and the solution was 
prepared 20% of the weight. Using this solution, by spin coat membrane 
fonnation (for rotational frequency 1300rpm and 15 seconds), formed the fluorine 
substitution PMMA thin film (10mm of thickness) containing a photochromic 
molecule on the aforementioned lower clad layer 28, and it was made to dry 
completely, and considered as the core layer 29 of a waveguide. 
[0056] Subsequently, using the above-mentioned solution 1, by spin coat 
membrane formation (for rotational frequency 2000rpm and 30 seconds), the 
fluorine substitution PMMA thin film (30mm of thickni&ss) was fonned on the 
above-mentioned core layer 29, it was niade to dry completely and the up clad 
layer 30 was formed. Thjs obtained the charge of optical wiring material of a 
three-tiered structure on the glass substrate 27. 

[0057] Next, based on this invention method light wiring method, the intersection 
optical waveguide shown in drawing 5 was produced using the above-mentioned 
charge of optical wiring material. 



[0058] First, irradiate the liglit witli a wavelength [of an Ar ion laser] of 488nnn us- 
ing the exposure mask which has a straight-line-like slit, the photochromic mole- 
cule of [-izing 4] in the core layer 29 by which the photochromic molecule of the 
above [-izing 4] and [-izing 5] is distributed was made to react, the refractive in- 
dex of the irradiated section was increased, and the straight-lirie-like waveguide 
core 31 was formed. 

[0059] Then, the slit of an exposure mask has been arranged so that the afore- 
mentioned waveguide core 31 may be Intersected, ultraviolet radiation with a 
wavelength [of exeimer laser pump dye laser] of 360nm was irradiated, the 2nd 
core 32 which intersects the core 31 formed previously was fomried into the core 
layer 29, and the intersection optical waveguide shown In drawing 5 was 
obtained. In addition, the clad of the intersection optical waveguide of this 
example is the non-exposing section of 28, 30, and 29. 
[0060] The end face of the core (illustration abbreviation) of quartz glass fiber 
was directly joined to the above-mentioned intersection optical-waveguide cores 
32 and 31A and B end face, by making light guide to glass fiber, the optical input 
was earned out at the aforementioned cores 32 and 31 , and the waveguide 
property of an intersection optical waveguide was investigated. That is, la and lb 
at the time of carrying out incidence of the input light B to the intensity la of the 
output light a at the time of carrying out incidence of the input light A to a core 32, 
the intensity lb of the output light b, and a core 31 were measured. Measurement 
measured la and lb by the photo multiplier like the example 1 . . 
[0061] Consequently, la/lb when lb/la at the time of carrying out incidence of the 
input light A to a core 32 carries out incidence of the input light B to about O core 
31 was about 0 similarly, by the Intersection optical waveguide, the waveguide 
light of a core 32 did not leak to the core 31, and the waveguide light of a core 31 
did not leak to the core 32. 

[0062] [Example 3] this example attaches and describes to the example of 
production of 3-fold intersection optical waveguide. 

[0063] The charge of optical wiring material of this invention which has a three- 
tiered structure like an example 2 as shown in drawing 6 was fonmed on glass 
machine 33 boards. 

[0064] 3-fpld intersection optical waveguide was formed in the above-mentioned 
charge of optical wiring material in the following procedures. The exposure mask 
of a X shape was used first, irradiate the light with a wavelength [of an Ar ion 
laser] of 488nm at the charge of optical wiring material, the photochromic 
molecule of the [-izing 9] currently distributed in the fluorine substitution PIVIMA 
thin film of the core layer 35 was made to react, the refractive index of the 
irradiated section was increased, and the core 37 of the intersection optical 
waveguide of a X shape was formed in the core layer 35. 
[©065] Then, the straight-line-like slit of an exposure mask arranges so that the 
intersection of the intersection optical-waveguide core 37 formed previously may 
be crossed, and it irradiates ultraviolet radiation with a wavelength [of exeimer 
laser purtip dye laser] of 360nm. The photochromic molecule of the [-izing 10] 
currently similarly distributed in the fluorine substitution PMMA thin film of the 
above-mentioned core layer 35 was made to react, and the 2nd waveguide core 



38 containing the intersection of the intersection optical-waveguide core 37 
formed previously was formed into the core layer 35. This obtained the 
intersection optical waveguide of drawing 6 . 

[0066] In addition, 34 and 36 are fluorine substitution PMMA thin films, and the 
clad of the intersection optical wayeguide of this example consists of 34, the non- 
exposing section of 35, and 36. 

[0067] The core end face of quartz glass fiber (illustration abbreviation) was di- 
rectly joined to the end face (A, B, C) of the formed intersection optical-wave- 
guide cores 37 and 38 like the aforementioned example 1, the optical input was 
carried out at the above-mentioned core, and the waveguide property of the 
aforementioned intersection optical waveguide was investigated. That is, la, lb, 
and Ic at the time of carrying out incidence of the incident light C to la, lb, Ic, and 
the core 37 at the time of carrying out incidence of the input light B to the inten- 
sity la, lb, and jc of the output light a, b, and c at the time of carrying out inci- 
dence of the input light A to a core 37 and a core 38 were measured. 
[0068] Consequently, la/lb and Ic/lb at the time of carrying out incidence of the 
incident Hght B to lb/la, and the Ic/la about 0 core 38 at the time of carrying out 
incidence of the input Hght A to a core 37 were also about 0 similarly. Moreover, 
optical leakage was not produced to a mutual core by 3-fold intersection in la/lc 
and Ib/lc 0 [ about ] at the time of carrying out incidence of the input light C to a 
core 37. 

[0069] [Example 4] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 11] which starts isomerization by 
light irradiation, and the fulgide system photochromic molecule of the [-izing 10] 
which starts isomerization by ultraviolet radiation irradiation. 
[0070] [Formula. 6] . 



[0071] As for the molecule of [-izing 1 1], in the above [-izing 2], R1 is a hydrogen 
atom and the photochromic molecule three CH(s) and whose X R3 is three 
NCH(s). 

[0072] The intersection optical waveguide of drawing 4 was formed to this charge 
of optical wiring materia! by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1. As a result of measuring the optical-transmission prop- 
erty of the formed waveguide like an example 1, it checked having the property 
which was excellent as a high refractive-index intersection optical waveguide. 
[0073] [Example 5] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 12] which starts isomerization by 
light Irradiation, and the fulgide system photochromic molecule of the [-izing 10] 




which starts isomerization by ultraviolet radiation irradiation. 
[0074] [Formula 7] 
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[0075] For R1, R3, and R4, in the above [-izing 3], three CH(s) and X of the 
molecule of [-izing 12] are [ three NCH(s) and Y ] S atom and the molecule 
whose R5 is CH30 set. 

[0076] The intersection optical waveguide of drawino 4 was formed to this charge 
of optical wiring material by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1. As a result of measuring the opticaktransmission prop- 
erty of the formed waveguide like an example 1 , it checked having the property 
which was excellent as a high refractive-index intersection optical waveguide. 
[0077] [Example 6] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 9] which starts isomerization by light 
irradiation, and the diaryl ethene system photochromic molecule of the [-izing 13] 
which starts isomerization by ultraviolet radiation irradiation. 
[0078] [Formula 81 



[0079] As for the molecule of [-izing 13], in the above [-izing 4], R6. R7, and R9 
are [ three CH(s) and R8 ] a eyano group and the molecule whose X1 is S atom. 
[0080] The intersection optical waveguide of drawing 4 was formed to this charge 
of optical wiring material by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1. As a result of measuring the optical-transmission prop- 
erty of the formed waveguide like an example 1 , it checked having the property 
which was excellent as a high refractive-index intersection optical waveguide. 
[0081] [Example 7] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 9] which starts isomerization by light 
irradiation, and the diaryl ethene system photochromic molecule of the [-izing 14] 
which starts isomerization by ultraviolet radiation irradiation. 
[0082] [Formula 9] 
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[0083] As for the molecule of [-izing 14], in the above [-izing 5], R9 is [ three 
CH(s) and RIO ] a cyano group and the molecule whose X2 is S atom. 
[0084] The intersection optical waveguide of drawing 4 was formed to this charge 
of optical wiring material by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1. As a result of measuring the optical-transmission prop- 
erty of the formed waveguide like an example 1, it checked having the property 
which was excellent as a high refractive-index intersection optical waveguide. 
[0085] [Example 8] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 9] which starts isomerization by light 
irradiation, and the diaryf ethene system photochromic molecule of the [-izing 15] 
which starts isomerization by ultraviolet radiation irradiation. 
[0086] [Formula 10] 



[0087] The molecule of [-izing 15] is a molecule whose X3 R9 is three CH(s) and 
is S atom in the above [-izing 6]. 

[0088] The intersection optical waveguide of drawing 4 was formed to this charge 
of optical wiring material by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1 . As a result of measuring the optical-transmission prop- 
erty of the formed waveguide like an example 1 , it checked having the property 
which was excellent as a high refractive-index intersection optical waveguide. 
[0089] [Example 9] The charge of optical wiring material of two-layer structure 
was formed on the glass substrate like the example 1 using the diaryl ethene 
system photochromic molecule of the [-izing 9] which starts isomerization by light 
irradiation, and the diaryl ethene system photochromic molecule of the [-izing 16] 
which starts isomerization by ultraviolet radiation irradiation. 
[0090][Fonnula 11] 




[0091] As for the molecule of [-izing 16], in the above [-izing 8], R1 1 is [ three 
CH(s) and R12 ] a hydrogen atom and the molecule whose X5 is three NCH(s). 
[0092] The intersection optical waveguide of drawing 4 was formed to this charge 
Qf optical wiring material by irradiating an Ar ion laser and an excimer laser one 
by one like an example 1. As a result of measuring the optical-transmission prop- 
erty of the formed waveguide like an example 1. it checked having the property 
which was excellent as a high refractive-index intersection Qptieal waveguide. 
[0093] [Example of comparison] The fluorine substitution PMMA thin film (30mm 
of thickness) was formed on the glass substrate like the example 1 . Next, the 
fulgide derivative photochrbmic molecule of [-izing 10] was distributed 15% of the 
weight during the fluorine substitution PMMA, this was dissolved into the 
Ghlorobenzene, and the solution was prepared 20% of the weight. 
[0094] This solution was applied to the aforementioned fluorine substitution 
PMMA thin film, and it considered as the thin film of 10mm of thickness by the 
spin coat method (for rotational frequency 1300rpm and 15 seconds), and it was 
made to dry completely and considered as the core layer. To the macromolecule 
thin film of this two-layer structure, using the exposure mask which has a 
straight-line-like slit, ultraviolet radiation with a wavelength [of excimer laser 
pump dye las.er] of 360nm was irradiated, and the straight-line-like waveguide 
core was formed into the aforementioned core layer 

[0095] Then, the slit of an exposure mask has been arranged in the form which 
intersects the above-mentioned core, 360nm ultraviolet radiation was irradiated 
similariy, the 2nd core was formed, and the analogous intersection optical 
waveguide was formed in drawing 4 . 

[0096] The waveguide property of the waveguide light of the formed intersection 
waveguide was investigated like the example 1. Consequently, it turns out that 
the leakage of light takes place by the intersection, and the formed waveguide 
does not have a function as a high refractive-index intersection optical 
waveguide. <BR> 

[0097] [Effect of the Invention] Being able to form easily the optical waveguide 
containing the high refractive-index intersection optical waveguide produced by 
the optical wiring method of this invention by using an organic material as 
aforementioned using the charge of optical wiring material of this invention, the 
waveguide property of the waveguide light has the outstanding property. 
[0098] Moreover- the optical waveguide using the organic material is cheap, and 
since enlargement is also easy, required optical wiring is realizable as an object 
for optical interconnections which connects between electron devices with optical 
communication. 
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